Two hundred and seventy-two ketamine anaesthetics have been given to sixteen children undergoing radiotherapy. Satisfactory conditions were provided in every case and the incidence of complications was low. At the present time ketamine would appear to be the most satisfactory agent in those children who require sedation in order to undergo radiotherapy.
1973)
, repeated general anaesthesia (Harrison and Bennett 1963, Browne, Boulton and Crichton 1969) .
The dissociative anaesthetic agent ketamine would appear to have many advantages over more conventional drugs in these circumstances and we report here our experience with ketamine in paediatric radiotherapy. METHOD The anaesthetic department is requested to provide sedation for those children in whom it has been impossible to secure acceptance of treatment without the aid of drugs. Whenever possible the same anaesthetist attends for the entire course of treatment. Solid food is not allowed for four hours and liquids for two hours before induction. Premedication consists of atropine 0·03 mg/kg given orally with a sip of orange juice one hour before treatment. The children are normally accompanied to the radiotherapy department by a parent who remains in attendance and assists with the handling of the child during induction when this seems appropriate.
Induction is with a 10 per cent solution of ketamine given intramuscularly into the thigh. The dose selected is that which it is thought allows time for positioning of the child, the application of any moulds or casts where indicated and the administration of therapy. The entire procedure normally lasts 15-20 minutes. Supplementary doses are given when signs of recovery, particularly movement, occur. During radiotherapy, the patient is observed through a leaded window. Respiration is observed by strapping a piece of rotton wool close to the mouth. When this is inadequate (Figure 1 ), impedence electrodes are strapped to the chest and respiratory movements observed on an oscilloscope. Therapy can be interrupted to allow access to the child and full resuscitative equipment is immediately available. The children recover in a quiet area in the radiotherapy department.
The smallest induction dose of ketamine used was 5 mgjkg while the highest initial induction dose was 12 mgjkg. The mean induction dose for the 272 anaesthetics was 7·5 mgjkg.
In two children the initial dose of ketamine was inadequate. In one case, the dose was increased from 8 mg/kg on the first occasion to 12 mgjkg on the second and subsequent treatments. In the other, the first dose of 10 mgjkg and second of 14 mg/kg were both inadequate and a dose of 17 mg/kg was used for the remaining treatments.
Satisfactory sedation was always obtained. Supplementary doses of ketamine were required on 20 occasions (7%) and always before radiotherapy had commenced. These consisted of half the induction dose, also given intramuscularly. No patient showed any evidence of tolerance to ketamine during treatment.
Most were fully recovered within one hour and none took longer than two hours. All patients except one (see below) were able to take their next meal. Complications. Respiratory obstruction due to excessive salivation occurred on four occasions (1·4%) in three patients before radiotherapy commenced. All these patients were supine at the time.
RESULTS
Two hundred and seventy-two anaesthetics were given to 16 patients. There were nine males and seven females, their ages ranging from 13 months to 7 years (mean 3 years) and weights from 7 to 19 kg (mean 14 kg). The diagnosis, number of anaesthetics and supplementary doses given are shown in Table 1 .
Vomiting was common after treatment, particularly in those patients with leukaemia who were also given cytotoxic drugs intravenously. Only one patient (number 11, who had 36 anaesthetics in 68 days) lost weight, from 14 to 10 kg. This patient was also the only one to show any evidence of hallucinations Anaesthesia and Intensive Care, Vol. V, No. 2, Nlay, 1977 during recovery. He became extremely agitated after the 12th and 13th anaesthetics, but on both occasions this was terminated with diazepam 2·5 mg given intravenously. Recovery was then uneventful until the 23rd anaesthetic when he again required diazepam. Thereafter he became extremely agitated. following each anaesthetic and his symptoms were not controlled by diazepam. He refused all food during the last two weeks of treatment and it was suspected (later confirmed by postmortem examination) that the tumour had extended into the brain stem.
No patient developed laryngospasm during anaesthesia and there were no pulmonary complications. On no occasion did treatment have to be stopped prematurely. There was no evidence of a reaction at the site of injection of ketamine in any of the patients.
DISCUSSION
If radiotherapy treatment could be carried out in these patients without sedation then this would obviously be beneficial and remove many problems. However, considerable time can be .spent in trying to persuade children to undergo treatment in frightening surroundings and this inevitably disrupts the schedule of any busy radiotherapy department.
The provIsIOn of adequate sedation in u,1attended patients presents considerable problems. Heavy sedation endangers the airway, may cause profound cardiovascular and respiratory depression and may be associated with prolonged recovery. When treatment is repeated on many occasions at relatively short intervals, nutrition may become inadequate. Repeated general anaesthesia has been used (Harrison and Bennett 1963, Browne, Boulton and Crichton 1969) , but since repeated intubation is undesirable where possible the patient is managed without an endotracheal tube and hence the airway is always in danger. In addition, liver damage may follow repeated general anaesthesia (Walton et al. 1976) .
Gamma hydroxybutyrate has previously been used in this hospital with some success (Lumley, personal communication), but although it does not cause cardiovascular depression, it is associated with the problem of maintenance of a clear airway and prolonged recovery.
In the early stages, the dose of ketamine used was 5 mg/kg but this allowed insufficient time, particularly when the setting up procedure required an abnormal posture (Figure 1) or application of moulds. Increasing the dose to Anaesthesia and Intensive Care, Vol. V, No. 2, May, 1977 12 mg/kg was found to provide longer sedation than was necessary in many instances. Thus by trial and error, the optimum initial dose was found to be 8 mg/kg which provides satisfactory conditions for the entire procedure in most patients.
In this study, there was no evidence of tolerance developing to ketamine, although this has been reported in one case by Cronin et al. (1972) and seven cases by Bennett and Bullimore (1973) . Tolerance to ketamine has also been reported in animals (Bree et al. 1967) .
Apart from visual observation of the patient, monitoring should also include a pUlsemeter and observation of ventilation. With respect to the latter, evidence of air flow at the mouth is better indicated with a piece of cotton wool than by visualization of chest movement. Ideally, oxygen therapy and measurement of expired volume would be more appropriate, but this is virtually impossible with existing equipment in these circumstances.
Ketamine has provided satisfactory conditions in every case, with few complications. Excessive salivation caused respiratory obstruction on four occasions and re-inforced the need for anti-sialogogue premedication. Evidence of emergence reactions occurred in only one patient, but the symptoms were almost certainly due to local extension of the tumour into the brain stem. Although a low incidence of recovery hallucinations has previously been noted in children (Page, Morgan and Loh 1972) , it is extremely difficult to assess this phenomenon in young children. Nevertheless, in these circumstances, the advantages of ketamine would seem to outweigh its disadvantages.
Vomiting was common, but this is a well recognized complication of radiotherapy. However, the patients appeared to enjoy their next meal and ketamine appears to have little effect on appetite. Taylor and Towey (1971) showed depression of laryngeal reflexes during ketamine anaesthesia, but this would appear to be dose dependent as no such effect was shown by Dundee and Moore (1971) . However, Carson et al. (1973) have shown that laryngeal competence is depressed following a variety of drugs used to induce anaesthesia, but that ketamine in a dose of 1 mg/kg given intravenously causes only minimal depression of laryngeal reflexes. None of our patit'nts exhibited any evidence of regurgitation or inhalation of gastric contents during anaesthesia.
The ideal agent for "edation in paediatric radiotherapy would be easy to administer, rapid acting, of adequate duration and allow rapid and complete recovery. It would also permit self maintenance of a patent airway, cause no respiratory or cardiovascular depression, show no evidence of tolerance to repeated doses and have no effect on appetite. From the results of this series, and the cases reported by Cronin et al. (1972) and Bennett and Bullimore (1973) , at the present time ketamine appears to be superior to any other agent or technique in achieving these aims.
